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J 640 medium containing 10% FCS and either simian rIL-15 (Genzyme, 
60ngmr') or murine recombinant IL-7 (R&D, 10ngmi~ J ) for 10 days. Cells 
recovered from cultures were analysed by flow cytometry or in the cytotoxicity 
assay. 

Plasmid construction and lucif erase assay. A DNA fragment spanning from 
positions -774 to +213 of the IL-IS gene (N.A. and Y.T., unpublished 
observations) was cloned into a luciferase reporter plasmid (Promega) either 
directly or after deleting 5* portions. Synthetic oligomers representing the 
potential IRF-E in the promoter region of the IL-1S gene were inserted along 
with downstream human IFN-p-promoter elements (-55 to +19 region) into 
the Picagene luciferase- reporter plasmid (Wako)*. Reporter constructs were 
then Cransfected with I RF-1 -expression (pAct-1) or control (pAct-C) vectors 
into PI9 cells, which express no endogenous IRF-1, and luciferase activity was 
measured as previously described 30 . 

Analysis of IL-16 gens expression. Bone marrow cells were cultured in the 
presence of LPS OOugmT 1 ) and IFN-7 (100 units ml* 1 ). Total RNA was 
isolated by acid guanldium thiocyanate-phenol-chloroform extraction and 
subjected to northern blot analysis as previously described 50 . Mouse IL-15 
and p-actin complementary DNA probes obtained by PCR were used for 
hybridization. 
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Natural killer (NK} cells express cell-surface receptors of the 
Immunoglobulin and C-type lectin superfamilies that recognize 
major l^o compatibility complex (MHC) class I peptides and 
inhibit NK-c ell-media ted cytotoxicity 1 . These inhibitory recep- 
tors possess niM sequences (for immunoreceptor tyrosine-based 
inhibitory motifs) in their cytoplasmic domains that recruit SH2- 
do main-con tabling protein tyrosine phosphatases, resulting in 
inactivation of NK cells 2 " 4 . Certain isoforms of these NK-cell 
receptors tack ITIM sequences and it has been proposed that 
these 'non-inhibiton/ receptors may activate, rather than inhibit, 
NK cells 4 6 . Here we show that DAP 12, a disulphide-bonded 
homodimer containing an immunoreceptor tyrosine-based acti- 
vation motif (FTAM) in its cytoplasmic domain, non-covalently 
associates with membrane glycoproteins of the killer-cell inhibi- 
tory receptor (KIR) family without an ITIM in their cytoplasmic 
domain. Cross linking of KIR-DAP 12 complexes results in cellu- 
lar activation, as demonstrated by tyrosine phosphorylation of 
cellular proteins and upregulation of early- activation antigens. 
Phosphorylated DAP12 peptides bind ZAP-70 and Syk protein 
tyrosine kinases, suggesting that the activation pathway is similar 
to that of the T- and B-cell antigen receptors. 

It has been reported that an unknown phosphoprotein of relative 
molecular mass (M r ) —12,000, expressed as a disulphide-bonded 
dimer, was coimmunoprecipitated from NK-cell lysates together 
with a non-inhibitory FCIR2DS2 glycoprotein (a KIR family member 
with two immuTioglobulin-domains in the extracellular domain, a 
short cytoplasmic domain lacking an ITIM. and a charged residue in 
the transmembrane region that is a receptor for HLA-C ligands, 
also referred to as p50.2 or KAR 7 ). Cell-surface immunoglobulin 
receptors, T-cell antigen receptors (TCR), and certain Fc receptors 
(FcR) non-covalently associate with small transmembrane proteins 
(such as CD^y,*^ subunits, CD79or^, FaRI-7) containing ITAM 
sequences {D/ExxYxxL/I - x^g - YxxIVI) 8 that are required for 
signal transduction by these receptor complexes 9 . Therefore, it 
seems likely that these non-inhibitory NK-cell receptors might 
require an associated protein with similar properties to mediate 
positive signal transduction. 

A database of expressed tag sequences (EST) from a large panel of 
complementary DNA libraries was searched with a TBLASTN 
algorithm program for molecules bearing homology with the 
human CD3fi,y,c,f and FceRI-7 protein sequences. An EST from 
a human CD1+ dendritic cell library was selected for further study 
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because of identification of an ITAM in this molecule. Sequencing of 
the 604 base pair (bp) cDNA revealed an open reading frame of 339 
nucleotides, encoding a putative type I membrane protein of 113 
amino acids (Fig. la). The protein, designated DAP12, is composed 
of a 27 aroino-acid leader, 14 amino-acid extracellular domain, 24 
amino -acid transmembrane segment and 48 amino-acid cytoplas- 
mic region. Although DAP12 has less than 25% homology with the 
human CD36 t y£,{ and FctRI-7 proteins, the cytoplasmic domain 
contains the peptide ESPYQELQGQRSDVYSDL that precisely 
corresponds to the prototype ITAM consensus (Fig. lb). Potential 
sites for phosphorylation by protein kinase C (residues 79-81 and 
107-109) and casern kinase II (residues 85-88) are also present in 
the DAP 12 cytoplasmic region. The transmembrane region contains 
a charged amino acid (aspartic acid (D)), also conserved in the 
transmembrane domain of the CD3 subunits. A potential murine 
homologue of DAP 12 is —70% homologous with the human 
DAP 12 protein and has a conserved D residue in the transmem- 
brane region, conserved cysteine (C) residues in the extracellular 
domain and an ITAM in the cytoplasmic region (Fig. lc). 

Southern blot analysis of human genomic DNA revealed a 
restriction enzyme digest pattern that is consistent with a single 
DAP12 gene (Fig. 2a). DAP 12 is located on human chromosome 
19ql3.L The human KIR genes 10 and the related LAIR" and ILT/ 
MIR 12 genes are all located nearby on chromosome 19ql3.4. North- 
ern blot analysis indicated the abundant presence of —0.7 kilobase 
(kb) DAP 12 transcripts in human peripheral blood leukocytes and 
spleen, but not in thymus, prostate, testis, ovary, small intestine or 
colon (Fig. 2b). DAP12 transcripts were detected in RNA isolated 
from two human NK cell lines NKL and NK92, but not in the Jurkat 
T leukaemia cell line or the JY EBV-transformed B lymphoblastoid 
cell line (Fig. 2b). Southern blot analysis of a large panel of cDNA 



libraries revealed predominant expression of DAP 12 in resting 
human peripheral blood mononuclear cells, dendritic cells (from 
which DAP 12 was cloned), peripheral blood monocytes and NK cell 
lines and clones (not shown). 

A conspicuous feature of the non-inhibitory KIR 5 , Ly49D*, 
Ly49H\ CD94 13 , NKG2C 14 and ILT1 15 receptors is the presence of 
a basic amino acid (K (lysine) or R (arginine)) in the transmem- 
brane domain. Given the precedent for interactions between pro- 
teins of multisubunit receptor complexes through oppositely 
charged amino acids in the transmembrane domains (such as the 
CD3/TCR complex) 9 , we examined whether DAP 12 associates with 
the non-inhibitory KIR2DS2 glycoprotein containing a K in the 
transmembrane region 16 . The murine Ba/F3 pre-B cell line was 
transfected with a cDNA encoding KLK2DS2 either alone or 
together with a DAP 12 cDNA containing a FLAG epitope tag at 
the N terminus to permit detection with an anti-FLAG monoclonal 
antibody. Transfectants were selected by flow cytometry for cell- 
surface expression based on a positive staining result with anti-KIR 
antibody DX27 or anti-FLAG antibody M2. KJR2DS2 Ba/F3 and 
KIR2DS2 + DAP12-FLAG Ba/F3 transfectants were surface- 
labelled with l2S I, lysed in 1% digitonin to preserve non-covalent 
associations of membrane protein complexes, and immuno- 
precipitated with anti-KIR antibody or anti-FLAG antibody. The 
tyrosine residue in the FLAG epitope provided a site for radio- 
iodination, permitting visualization of the DAP 12 protein. As 
shown in Fig. 3a, anti-KIR antibody immunoprecipitated a 125 I- 
labelled species of -50-60K from both the KIR2DS2 Ba/F3 cells 
and KIR2DS2 + DAP 12 -FLAG Ba/F3 transfectants, which is con- 
sistent with the predicted molecular mass of the KIR2DS2 glyco- 
protein. An additional l25 I-labelled protein of — 12K was 
coimmunoprecipitated with anti-KIR antibody from the 
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Figure 1 DAP 12 cDNA end gene. a. cDNA sequence of the human DAP 12 cDNA 
(plasmid LL603, GenBank secession AF019562) and predicted polypeptide. The 
predicted signal peptide (amino acids 1 -27) is underlined and the transmem- 
brane (residues 42-65) is double underlined. The ITAM sequence is bold. 

b. Alignment o1 the cytoplasmic domains ol selected human iTAM-comaining 
polypeptides. CD3 and FceRI-y sequences were obtained from GenBank. 

c, Comparison of the predicted protein sequences ot mouse DAP12 (GenBank 
accession AF024637) and human DAP12 (EC. extracellular domain; TM, 
transmembrane; CY, cytoplasmic domain). A murine EST (accession AA242315) 
with homology to human DAP12 wea identified in GenBank and this cDNA was 
obtained and analysed by automated sequencing (ABI). 



Human DAP12 Leader KGGLEPCSRI>LLLPLLIAVSGLRPVQA 
House DAP12 Leader —A SWC — F — V- -T-G — S 

Human QAP12 EC QAQ DCSCSTVSPG 
Mouse DAP12 EC -SDFFR-D--5 

Human OAP12 TM VLAGIVMCDLVI*TVLIALAVYFLG 

Mouse DAP12 TH L L S-- 

Human DA PI 2 CY RLVPRGRGAAEAATRKQR^TETESPVQEWC^RSDVySDIJJTXJRPYYK 

Mouse DA Pi 2 CY — -S-- 0-T--Q H-A PE Q— R 



Human DAPL2-CY RLVPRGRGAAEAATRKQRITETB3P YQELQGQRSDVYSDLrCTQRPYYK 

Huoan FCCRI-7-CY RLMQVRKAATTSYRKSIJGV YOGLSTRNQETYE7LKHEXPP-Q 

Human CD3&-CY HETG-RLS G AADTOALLRNCQ V YQPLR3RDDMJYSH LGGNWARICK 

Human CD37-C7 ■ GQDGVRQS RASDXQTLLPXCOL YQPLXDREDDQYSHLQGKO^RRN 

Human CID3P-CY WSKNRKAKAXPVCTIGAGAGGRQ^GQI^KERPPPVPNPDYEPIRKGQRDLYSGLNQRRI 

»/R -YxxL/I-7x-YXxL 
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KIR2DS2 + DAP12-FLAG transfectant, but not from the transfec- 
tant expressing only K1R2DS2. Reciprocally, an l25 Mabelled glyco- 
protein migrating in an identical way to KIR2DS2 was 
coimmunoprccipitated with anti-FLAG antibody from the 
KER2DS2 + DAP 1 2-FLAG Ba/F3 cells, but not from the 
KIR2DS2-only transfectant. Comparison of immunoprecipitates 
analysed by sodium dodecyi sulphate-polyacryJamide gel electro- 
phoresis (SDS-PAGE) using either reducing or non-reducing con- 
ditions indicate that DAP 12 is expressed on the cell surface as a 
disulphide-boaded dimer (Fig. 3a). It should be noted that we were 
unable to detect cell-surface expression of DAP 12 on the surface of 
Ba/F3 cells transfected with the DAPl 2-FLAG cDNA alone, without 
K1R2DS2. However DAP 12- FLAG proteins were detected in the 
cytoplasm (not shown), suggesting that DAP12 may require asso- 
ciation with its partner subunits for efficient transport to the 
cell surface, in a similar manner to the situation with the GD3 
proteins 17 . Additionally, preliminary results indicate that DAP 12 
does not associate with the inhibitory KIR isoforms that lack a 
charged residue in their transmembrane domain (unpublished 
observation). 

A peptide corresponding to the cytoplasmic domain of DAP 12 
(ITETESPY*QELQGQRSDVY*SDLNTQRP) was synthesized either 
as an unphosphoryiated protein or containing phosphates on both 
tyrosine (Y) residues. Lysates from Jurkat T cells or NK cell clone A6 
were incubated with the biotinylated peptides and complexes 
precipitated using avid in -agarose. Western blot analysis demon- 
strated that a DAP 12 peptide phosphorytated on both Y residues, 
but not the unphosphorylated peptide, formed complexes with the 
ZAP-70 kinase (Fig. 3b). The tyrosine-phosphorytated DAPl 2 
peptide, but not the unphosphorylated DAPl 2 peptide, also 
formed a complex with the Syk protein tyrosine kinase in lysates 
from NK cells (not shown). The binding of these kinases to 
phosphorylaied DAP 12 is reminiscent of the interactions that 
have been demonstrated between the phosphoryiated ITAM-con- 
taining CD3 subunits and Syk or ZAP-70 kinases during TCR 
signalling 19 ' 19 . 



Ligation of the CD3/TCR complex on T cells or the immuno- 
globulin receptor complex on B cells results in cellular activation. 
Therefore, we examined the functional consequence of crosslinking 
the KIR2DS2-DAP12 complex Ba/F3 transfectants expressing 
either KIR2DS2 alone or the KIR2DS2-DAP 1 2-FLAG complex 
were incubated with anti-KIR antibody DX27 or anti-FLAG anti- 
body, followed by a goat an ti -mouse immunoglobulin to provide 
crosslinking. Examination of total cellular proteins in Ba/F3 cells 
expressing the KIR2DS2-DAP1 2-FLAG complex that were stimu- 
lated with anti-KIR or anti-FLAG antibodies revealed tyrosine 
phosphorylation of several cellular substrates (Fig. 4a). Immuno- 
precipitation with anti-FLAG antibody and western blot analysis 
with anti-phosphotyrosine antibody demonstrated that crosslinking 
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Figure 2 DAP 12 gene and expression, a. Southern blot analysis of human 
genomic DNA digested with the indicated restriction enzymes and probed with 
the DAP12 cDNA The restriction enzyme fragments are in accordance with the 
sizes predicted from the genomic sequence. The genomic organization of the 
human DAP 12 gene tGenSank secession AF019563) was deduced from a 
fragment of human chromosome I9ql3.1 (GenBank accession AD030833). 
b, Northern blot analysis of DAP12 in human tissues and the JY EBV-transformed 
B lymphoblastoid cell Ine. the Jurkat T leukaemia ce!l line, and two NK cell lines 
NKL (provided by M. Robertson. Indiana University) and NK32 (obtained from 
H-G. Klingemann). 
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Figure 3 Coimmunoprecipftation of DAP1 2 and KIR2DS2 proteins and association 
of DAP12 phosphopeptide with ZAP-70. a, Murine Ba/F3 pre-B cells st8bly 
transfected with KJR2D52 only (K} or KIR2DS2 and DAP12 (containing a FLAG 
epitope on the N terminus) (K-D) were labelled with nB l, lysed in 1% dlgitonin 
buffer and antigens immunoprecipltated with control immunoglobulin (clg), anti- 
KIR antibody DX27 or anti-FLAG antibody M2. Samples were analysed by SDS- 
PAGE using 18% acrylamide gels under non-reducing or reducing conditions, 
b, Lysates prepared from Jurkat cells or NK call clone A6 were incubated with a 
biotinylated unphosphorylated (DAP 12) or diphosphorylated (P-OAP12) 0AP12 
peptide (ITETESPY*QELQGQRSDVY*SDLNTQRP) and pred pirated with avidin- 
agarose. Samples were analysed by western blot using antl-ZAP-70 antibody, 
indicated. Biotinylated un phosphorytated or diphosphorylated CD3f (P-zeta) 
peptides were used as a control in the experiment using lysates from Jurkat 
cells". 
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the KIR2DS2-DAP12-FLAG transfectants with anti-KIR antibody 
induced tyrosine phosphorylation of the DAP12 protein (Fig. 4b) 
and resulted in the association of phosphorylated DAP12 with the 
Syk protein tyrosine kinase (not shown). By contrast, Ba/F3 cells 
expressing only K1R2DS2 were not activated by crosslinjdng with 
anti-KIR antibody. Similarly, upregulation of CD69 expression was 
observed in Jurkat T leukaemia cells transfected with both KIR2DS2 
and DAP 12, but not KIR2DS2 alone, when these receptors were 
crosslinked with anti-KIR antibody (Fig. 4c). These results indicate 
that DAP 12 is necessary and responsible for KIR2DS2 signal 
transduction in these host cells and are in accordance with previous 
observations demonstrating that KIR2DS2 molecules are functional 
in NK cells but not in transfectants expressing only KIR2DS2 20 . 

Our studies suggest that DAP12 may associate with the non- 
inhibitory isoforms of the KIR molecular in NK cells and permit 
cellular activation through these receptors, in a similar way to the 
function of the CD3 subunits in the TCR complex and CD79 
subunits in the B -cell-receptor complex. Whether DAP 12 associates 
with the non-inhibitory NK-cell receptors of the murine Ly49 
family and the human CD94-NKG2C and NKG2E complexes is 
under investigation. Expression of DAP 12 in monocytes and den- 
dritic cells predicts association with other receptors similar to the 
non-inhibitory KIR present in these cell types. Likely candidates are 
the recently identified ILT/MIR family of molecules expressed by 
human monocytes 1 ' 15 and the PIR-A molecules in rodent myeloid 
and B cells 21,21 . In addition, the physical properties of DAP 12 are 
similar to a new dimeric 12Kphosphoprotein identified in the pre- 
T-cell-receptor complex on murine thymocytes 23 . Thus, DAP12 may 
function in cellular activation mediated by a diverse array of 
receptors in distinct cell lineages. □ 



Figure 4 Cellular activation of translectants expressing KIR2DS2 and OAP12. 

a. Total cell lysates were prepared from Ba/F3 cells transfected with KIR2DS2 
alone. DAP12 {containing a FLAG epitope tag) alone or both Kl R2DS2 and DAP1 2- 
F.LAG that were stimulated by anti-KIR antibody 0X27. anti-FLAG antibody M2 or 
control immunoglobulin, followed by Reb'fe goat anti-mouse immunoglobulin. 
Samples were analysed by western btot for the presence of phosphorylated 
cellular proteins using HRP-conjugated anti-phosphotyrosine antibody 4G10. 

b. Cell lysates were prepared from Ba/F3 cells transfected with KIR2DS2 alone or 
both KlR2DS2and DAP12 (FLAG epitope tagged) that were stimulated with enti- 
K1R antibody DX27 or oomrol immunoglobulin, followed by Hob'h goat anti- 
mouse immunoglobulin. Lysates were immunoprecipitated with anti-FLAG 
antibody M2 or control irnmunoglobuGn and samples were analysed by western 
Wot for the presence of phosphorylated proteins using HRP-conjugated anti- 
phospho tyrosine antibody 4G10. Heterogeneity in migration of the DAP 12- FLAG 
proteins probably reflects different phosphorylation species, c. Jurkat cells were 
stably transduced with an amphotrcphic retroviral vector pMX-neo* containing 
the NKAT5 cDNA 18 encoding KIR2DS2. These KIR2DS2+ Jurkat cells were tran- 
siently transfected by electroporatbn with human DAP 12 inthe pERBOS vector 1 ". 
After 24 h, sham (K1R2DS2 Jurkat) or DAP 12 transfectants (KIR2DS2-DAP12 Jurkat) 
were stimulated by culture in microtitre plates precoated (5 n-9 mf 1 } with control 
immunoglobulin (upper panels) or anti-KIR antibody DXZ7 (lower panels). 
After 12 h incub»tion. celts were collected and stained with FITC-conjugated 
control immunoglobulin tc!g) or anti-CD69 antibody, as indicated. Samples were 
analysed by flow cytometry (x-axis. fluorescence. 4 decade tog scale; y-axis, 
number of cells). 



Cloning and sequence analysis. TBLASTN searches of the DNAX sequence 
database were made using the human CD36,7,f,f and FccRI-y protein 
sequences. The cDNA insert in ptasmid LL603, identified in a human CD1+ 
dendritic cell library, was isolated and subjected to automated sequencing 
(ABl). 

DNA end RNA. RNA from human Tissues and human genomic DNA were 
purchased from do n tech (Palo Alto, CA). Northern and Southern blot analysis 
were done as described". 

Trartafection. A cDNA containing the CD8 leader segment, followed by the 
FLAG peptide epitope (DYKDDDDK), and joined to the extracellular, 
transmembrane and cytoplasmic segments of DAP12 was subcloned into the 
pMX-puro retroviral vector 24 (provided by T. Kitamura, DNAX), packaged 
using the Phoenix cell line (provided by G. Nolan, Stanford), and virus was 
used to infect the mouse pre-B cell line Ba/F3". The NKAT5 cDNA" encoding 
KIR2DS2 (provided by M. Colonna, Basel) was subcloned into the pMX-neo 
retroviral vector. Ba/F3 cells were infected, drug selected, and transfectants 
isolated using flow cytometry 21 . DAP12 cDNA was subcloned into the pEF-BOS 
vector for transient expression in Jurkat cells using electro po ration for 
introduction of the plasmid ,s . 

Immunoprectpltatton. Cells were labelled with m I and solubflized in lysis 
buffer (pH 7.8, 1% digitonin (Sigma), 0.12% TViton-XlOO, ISOraM NaCl, 
20 mM triethanolamine, 0.01% NaN 3 , and protease inhibitors) 26 . Cell lysates 
were incubated on ice for 2 h with Pansorbin (Calbiochem) coated with rabbit 
anti-mouse immunoglobulin (Sigma) and mouse anti-KIR2D antibody DX27, 
anti-FLAG antibody M2 (Kodak), or control IgG and then washed in Tris- 
buffered saline (TBS. 50 mM Iris, ISOmM NaCl, pH 8.0) containing 5mM 
CHAPS (Sigma) and protease inhibitors 2 *. Biotinytated peptides corresponding 
to residues ITETESPY'QELQGQRSDVY'SDLNTQRP in the cytoplasmic 
domain of DAP 12 were synthesized, either un phosphorylated or containing 
phosphate on both Y residues (provided by C Turck, UCSF). Control unphos 
pHoryiated and Y-phosphorytated CD3f peptides" were a gift from A. Weiss 
(UCSF). Biotinylated peptides were incubated with lysates from Jurkat or NK 
clone A6 cells, precipitated with avidin-agarose, and washed in Tris-buffered 
saline (50 mM Tris. 150 mM NaCl. pH 7.8) containing 1% Nonidet P-40 and 
protease inhibitors 1 *. Immunoprecipitates were analysed by western blot 27 
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using anti-ZAP-70 antibody or rabbit anti-Syk specific antiserum" (provided 
by A. Weiss, UCSF). 

Cefl activation. Ba/F3 cells expressing either KIR2DS2 alone, DAP 12 (FLAG 
epitope tagged) alone, cr the KIR2DS2-DAP12 complex were incubated with 
the indicated antibodies at 4 P C, washed, and then crosslinked with F(ab' ) 2 goal 
anti-mouse immunoglobulin for 3min at 37 °C Cells were lysed in TBS 
containing 1% Nonidet P-40 and pTOtease inhibitors. Total cell lysates or 
immunoprecipitates of DAP 1 2-FLAG with anti-FLAG antibody M2 were 
analysed by western blot using horseradish peroxidase-conjugated anti- 
phosphotyrosine antibody 4G10 (UBI). Jurkat cells stably transfected with 
the NKAT5 cDNA" using a retroviral vector 1 " were transiently transfected by 
electroporation tfith human DAP 12 cDNA in the pEF-BOS vector or sham- 
transfected with a control vector". After 24 h, transfectants were incubated in 
microti t re plates precoated (5 lo-gmT 1 ) with control immunoglobulin or anti- 
K1R antibody DX27. After 12 h incubation, transfectants were collected and 
then stained with FITC-conjugated anti-CD69 or control antibody and 
analysed by flow cytometry 28 . 
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Reactive oxygen species have damaging effects on cellular com- 
ponents and so trigger defensive responses by die cell 1,2 and even 
programmed cell death 3,4 , although the mechanisms by which 
mammalian cells transmit signals in response to oxidative damage 
are unknown. We report here that the protein p85, a regulator of 
the signalling protein phosphatidyl-3-OH kinase (PI(3)K), parti- 
cipates in the ceD death process that is induced in response to 
oxidative stress and that this role of p85 in apoptosis does not 
involve PI(3)IC We show that disruption of p85 by homologous 
recombination impairs the cellular apoptotic response to oxida- 
tive stress. Because the protein p53 is required for cell death 
induced by oxidative damage, we examined the relation between 
p85 and p53. Using a chimaeric p53 fusion protein with the 
oestrogen receptor (p53ER) to supply p53 (p53 is induced upon 
binding of p53£R to oestradiol) in a p53-deficient cell line, we 
found that p85 is upregulated by p53 and that its involvement in 
p 53 -media ted apoptosis is independent of PI(3)K. We propose 
that p85 acts as a signal transducer in the cellular response to 
oxidative stress, mediating cell death regulated by p53. 

We reasoned that cellular responses to oxidative stress might be 
mediated by signal-transducing proteins. Hydrogen peroxide is 
required to mediate signal transduction by the receptor for plate- 
let-derived growth factor 5 , which associates with p85 protein 6 . p85 is 
an SH2/SH3-domam-c»ntaining protein originally identified as a 
regulator of phospharidylinositol-3-OH kinase' and possibly of 
other signal transduction proteins*. To study the role of p85 in 
the cellular response to oxidative stress, we derived primary mouse 
embryo fibroblasts (MEFs) from mice with a targeted disruption of 
the p85 alpha gene locus (Y.T. et al y manuscript in preparation). 
pc?5* /+ MEFs from wild-type mice with an otherwise identical 
genetic background were used for comparison. As expected, expres- 
sion of p85 was normal in p85*'* MEFs but was undetectable in 
pS5^~ MEFs (Fig. la). The amount of p85 in normal MEFs 
increased following treatment with 88 \iM H2O2 (Fig. lb; compare 
lanes 3 and 4). However, the concentration of p85 was unaffected by 
H 2 0 2 in p53-deficient MEFs (Fig. lb; compare lanes 5 and 6), 
suggesting that there might be a link between p53 function and the 
response of p85 to oxidative stress. To determine the effect of 
disrupting p85 on the cell death pathway, p85* /+ and t>85~ f ~ MEF 
cells were exposed to H 2 0 2 . As shown in Fig. lc, pS5* /+ cells were 
susceptible to H 2 0 2 treatment, with more than 60% of 85*** cells 
being killed after 24 hours' exposure to 88 jxM H 2 0 2 . In contrast, 
p85~'~ MEF cells were resistant to killing by the same dose of H 2 0 2 
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